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obtained from naive syngeneic mice, treated with Tris (15 mM), ammonium chloride (0 .83%) solution to lyse erythrocytes, 1,500 rad irradiated, and infected with at least five egg-infectious doses of virus per cell for a minimum of 1 h at 37°C, and then washed three times to remove unadsorbed virus. Responder lymphocytes were from cyclophosphamide-pretreated (100 mg/ kg) syngeneic mice . In 16-mm Linbro cultures plates (Flow Laboratories, Inc ., Rockville, Md .), varying numbers of the above cells and 900-rad-treated naive spleen cells, used as filler cells, were co-cultured for 4 or 5 d at 37°C in 2 ml of RPMI 1640 (Microbiological Associates), supplemented with 10% fetal bovine serum, 2 MM L-glutamine (Gibco Laboratories, Grand Island Biological Co ., Grand Island, N . Y .), penicillin (100,ttg/ml), streptomycin (100 mg/ml) (Gibco Laboratories, Grand Island Biological Co .) 50 ,ug/ml Gentamicin sulfate (Schering Corp ., Kenilworth, N . J .), 10 mM Hepes (Microbiological Associates), and 5 X 10 -5 M 2-mercaptoethanol (Eastman Organic Chemicals Div ., Eastman Kodak Co., Rochester, N . Y .) . Assay of Cytolytic T Cell Activity . Target cells used were uninfected or infected (10-100 egginfectious doses per cell) P815 (H-2d) cells . Cells were infected for a minimum of 5 h, pulsed in the last h with 100 pCi Na2 5 'CrO4 (NEZ-030, New England Nuclear), and washed three times before being used as targets . Varying numbers of effector cells cultured as above and 104 target cells were combined in MEM supplemented with 10% fetal bovine serum, penicillin/streptomycin solution (Grand Island Biological Co .), and 1% nonessential amino acids (Grand Island Biological Co .) in duplicate 10-X 75-mm glass tubes for 4 h at 37°C . Thereafter, 1 ml of phosphate-buffered saline (PBS ; pH 7 .0) was added to each tube, samples were centrifuged at 200 g, and supernates were decanted for counting in a gamma counter . Spontaneous release was determined by release of label in the presence of normal spleen cells . Total releasable counts were determined by four freeze-thaw cycles of the target cells before the addition of PBS .
Percent specific release was determined by the formula : 100 X (E -C) where E is isotope release in tubes containing immune effectors and targets, C is the isotope release in tubes containing normal spleen cells and targets, and F is the maximum isotope release obtained after freeze-thaw of targets . All measurements were performed in duplicate . The standard error of the mean was always <2-3% . Differences of >5% were almost invariably significant at P <0 .05 .
Results and Disccssion
In cytes to respond to B/Lee virus but not to PR8 virus-infected cells (Fig. 2) . Thus, the specificity of helper cells is determined at the level of priming, and is specific for the virus type used. Both in vivo and in vitro stimulation with influenza virus result in the generation of HA-specific CTL and CTL that are type specific, i.e., they are cross-reactive among the subtypes of type A influenza virus (6) (7) (8) (9) . The exact nature of the determinant(s) recognized by these cross-reactive CTL is still controversial (10) (11) (12) (13) (14) (15) (16) (17) . To determine whether helper cells were HA or type specific, BALB/c mice were primed either with PR8, Japan, or HK virus, which are representatives of different subtypes of influenza A viruses. The irradiated helper cells were subsequently co-cultured with naive responder cells and irradiated stimulator cells infected with either PR8, Japan, or HK virus. In a series of six experiments, a representative of which is shown in Table  1 , PR8 virus-primed helper cells consistently helped naive lymphocytes to respond to stimulator cells infected with viruses of different subtypes of type A influenza virus. In addition, the specificity of the resultant effector cells was observed to be crossreactive, as both infected targets could be lysed. Therefore, both at the level of the helper cell and the responder cell, T cells with cross-reactive specificities were demonstrated. Although these would appear to be the predominant CTL, it is possible that a population of HA-specific helpers and CTL exist within this population.
Phenotype of the Helper Cell and CTL. The helper cells were further characterized for theta and Lyt antigens. Table II culture with primed irradiated helper T cells or after 5 d of co-cultivation . At both times, all cytolytic activity was eliminated by either monoclonal antibody and complement, demonstrating that the cytolytic effector cell elicited from the naive population expresses the Ly-1 +2 + surface phenotype. In contrast, primed spleen cells undergoing a secondary in vitro response were found to be almost entirely Ly-1 -2+ because all CTL activity was susceptible to monoclonal anti-Ly-2 .2 and complement treatment and very little CTL activity was lost when cultured cells were treated with monoclonal anti-Ly-1 .2 and complement (data not shown) .
In conclusion, we have developed a model system in which the generation of CTL requires helper T cells that recognize type-specific determinants on influenza virus. The availability of viral subtypes has allowed us to carry out this genetic analysis. It has recently been demonstrated in the response to an allogeneic H-2 antigen (18) that the antigenic requirements for the triggering of helper T cells differs markedly from the requirements in triggering CTL. The helper cell appears to see processed antigen in the context of the la antigen of an antigen-presenting cell. The CTL can, however, see unprocessed antigen without it being presented by an la positive antigen-presenting cell. We are now in a position to undertake a similar analysis in the immune response to another well-defined set of antigens : the influenza viruses.
Summary
We have described a model system in which helper T cells are required to mount a primary antiviral cytolytic T lymphocyte response. The radioresistant helper cell can be found in the spleens of mice that have been immunized subcutaneously with influenza viruses 6-8 d previously. These helper cells appear to be type specific but cross-reactive among the subtypes of influenza A viruses . The phenotypes of the interacting cell populations were determined .
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